Two field experiments were conducted at Private Farm in EL-Salheya, SharKia Governorate, Egypt during winter seasons of 2012/2013 and 2013/2014 to study the effect of plant density and some foliar applications, i.e., moringa leaf extract (MLE), chitosan at 150 ppm and silicon at 200 ppm on vegetative growth, pod yield and quality of snow pea cultivars, i.e. "Compados and Snow Wind" and sugar snap pea cultivar "Sugar Snap".
INTRODUCTION
Sugar pea is one of the important newly introduced vegetable crops in Egypt for exporting. Sugar peas contain two types, i.e. the snow peas and the sugar snap peas which they are known as edible podded peas because they don't have the same cross fiber in the wall of the pod as the common garden pea and pods can be eaten whole. The snow pea (Pisum sativum var. macrocarpon) is known by this name in Australia and the USA, but in England and France, it is called "mange-tout" which means "eat-all". The snow pea is a distinct botanical cultivar or subspecies of pisum sativum. The pod of snow pea is slab sided and is eaten before the string develops and the peas start to swell. While, the sugar snap pea or snap pea (Pisum sativum var. saccharatum) is the progeny of a cross between a snow pea and unusual pea that was tightly podded with thick walls. The sugar snap pea is a pea which snaps like a green bean, the pod have thick walls, and are sweet. Unlike the snow pea, the sugar snap pea is picked more mature and is fully rounded (Beckingham, 2001 and Burt, 2008) . Pods of sugar pea contain a great amount of protein, carbohydrates, vitamins, minerals and other nutrients, so that sugar pea considered as one of the most important sources in human food nutrition. It can be eaten raw, lightly boiled, steamed or used in stri-frys.
Plant population density is a major determinant of crop yield. In fact, the yield of plant is the result of the competition within and outside of the plant on the environmental factors and the maximum yield will be obtained when, this competition has decreased and the plant has the maximum using of these environmental factors. Increasing the excessive density, prevent the light penetrating into the canopy and increase competition. Therefore, identifying the suitable planting density is the first and the most essential strategies considered for achieving high yield (Rasaei et al., 2012) . For this reason, managing this new crop is uncertain and knowledge about its agronomic response is required. Clarification of the effect of seeding density on the yield and quality is especially needed. There is no published information on the effect of these factors on the snap pea, but similar studies have been conducted on peas (Azpilicueta et al., 2012) . In addition, it became important to work on increasing the production and the quality of this crop especially with the increased demand for exporting sugar peas.
One of these strategies for increasing the production and the quality of sugar peas using natural growth stimulating compounds safety to the environment, inexpensive and harmless to humans, i.e., moringa leaf extract and chitosan applications. Moringa (Moringa oleifera) is an important plant of Morigaceae family having tremendous allelopathic potential. There are about 13 species of genus Moringa reported in total and among them M. oleifera is the most known and widely cultivated species throughout the world (Fuglie, 1999) . Moringa is known as a miracle plant due to its multiple uses. Being rich in amino acids, ascorbate, zeatin, minerals and many other compounds, moringa has several applications in agriculture and medical sciences. Secondary metabolites isolated from this plant promote the plant growth and defense mechanisms against abiotic stresses. Moringa extracts accelerate the growth of plants, strengthen plants, and improve resistance against pests and diseases (Hussain et al., 2013) . Moringa leaf extract (MLE) being a rich source of amino acids, essential macro-and microplant minerals, vitamins, natural antioxidants and plant growth regulators such as zeatin (cytokinins) and gibberellins; it can be effectively exploited as plant growth enhancer (Makkar and Becker, 1996; Mahmood et al., 2010 and Basra et al., 2011) . Furthermore, foliar spray of leaf extracts of moringa accelerate the growth of plants, improves resistance to pests and diseases, and enhances the yield by 20-35 % in different crops (Fuglie, 2000) .
Chitosan is a natural, low toxic and inexpensive compound that is biodegradable and environmentally friendly with various applications in agriculture. Structurally, chitosan is a straight-chain copolymer composed of D-glucosamine and N-acetyl-D-glucosamine being obtained by the partial deacetylation of chitin. It is the most abundant basic biopolymer and it's structurally similar to cellulose, which is composed of only one monomer of glucose (De Alvarenga, 2011) . Chitosan is derived from chitin, a polysaccharide found in the exoskeleton of shellfish such as shrimp, lobster, and or crabs and cell walls of fungi (Wojdyla, 2001) . Recently, chitosan has been reported to act as a plant growth regulator and considered to elicit the induction of plant defense mechanisms in many plant (Ben-Shalom et al., 2003 and Photchanachai et al., 2006) . Both chitin and chitosan have demonstrated antiviral, antibacterial, and antifungal properites, and have been explored for many agricultural uses. They have been utilized to control disease or reduce their spread, to chelate nutrient and minerals, preventing pathogens from accessing them, or to enhance plant innate defenses (El hadrami et al., 2010) . Moreover, chitosan has been shown to stimulate plant growth (Kim, 2005 and Mondal et al., 2012) , to possess antioxidant activity (Xie et al., 2001 and Chen et al., 2009) , act as anti-transpirant compound that has proved to be effective in many crops (Khan et al., 2002 and Karimi et al., 2012) and to improve storability of postharvest fruits and vegetables (El Ghaouth et al., 1991) .
Among the tools for increasing productivity and quality of sugar pea using silicon (Si) application. Although silicon is the second most abundant element both on the surface of the Earth's crust and in soils, it has not yet been listed among the essential elements for higher plants. Like salt in food, which itself is not a nutrient or food item but adds to the taste and palatability. Similarly silicon though not essential confers rigidity and strength to plants, protects them from pests, diseases and abiotic tresses (Vasanthi et al., 2012) . Among all the micronutrients assimilated by plants, silicon alone is consistently present at concentrations similar to those of the macro nutrients. It is also the only beneficial element that does not cause toxicity or serious injury to plants under excessive a mounts (Snyder et al., 2007) . Its concentrations in different plants range from 0.1% (similar to P and S) to more than 10% of whole plant dry matter (Epstein, 1999) . Silicon can alleviate biotic and abiotic stresses in several crops, and it has beneficial effects on plants under nonstressed conditions (Pilon et al., 2013) . The effective management of Si can offer several potential benefits of crop production including improved plant growth, increased yield, induced resistance to stresses and increased productivity of problem soils (Aziz et al., 2002) . Moreover, silicon is an element that forms Si-enzyme complex that act as protectors and photosynthesis regulators as well as influencing other enzymatic activities (Toresano-Sanchez et al., 2012) . Silicon was found to be beneficial to barley, wheat, corn, sugarcane, cucumber, tomato, citrus and other crops (Epstein, 1994) .
In the light of above discussions, present study was designed to investigate the effect of plant density and foliar applications, i.e., moringa leaf extract, chitosan and silicon on growth, pod yield and quality of some sugar pea cultivars.
MATERIALS AND METHODS
Two field experiments were conducted at Private Farm in EL-Salheya, Sharkia Governorate, Egypt during winter seasons of 2012/2013 and 2013/2014 to study the effect of plant density and some foliar applications, i.e., moringa leaf extract (MLE), chitosan at 150 ppm and silicon at 200 ppm on vegetative growth, pod yield and quality of snow pea cultivars, i.e. "Compados and Snow Wind" and sugar snap pea cultivar "Sugar Snap" grown under drip irrigation system of sandy soil.
The physical and chemical analysis of the experimental soil are shown in Table (1) . Seeds were sown as two seeds per hill on one side of the irrigation lines in 20 th and 27 th of November in the first and the second seasons, respectively. The experimental layout was split-split-plot system in a randomized complete blocks design with three replicates. These experiments included 36 treatments which were the combination among 3 cultivars, 3 plant density and 4 foliar applications. The cultivars were randomly arranged in the main plots, while the plant density were randomly distributed in the sub-plots and foliar applications were randomly arranged in the sub-subplots. The sub-sub-plot area was 12.0 m 2 (2 dripper lines, each 6 m long and 100 cm width). The normal agricultural practices of sugar pea production were followed according to the recommendations of Egyptian Ministry of Agriculture. The treatments were arranged as follow: a. Sugar pea cultivars: Compados, Sugar Snap and Snow Wind. b. Plant density: 20 cm, 40 cm and 60 cm apart. c. Foliar applications: 1-Moringa leaf extract preparing according to Culver et al. (2012) . 2-Chitosan (poly-(1.4-B-D-glucopyranosamine);2-Amino-2-deoxy-(1-<4)-B-Dglucopyranan) at 150 ppm. 3-Silicon in form of (silicic acid (Si(OH) 4 ) at 200 ppm. 4-Control (sprayed with tap water).
The plants were sprayed three times, 15 days after sowing and repeated each 15 days interval.
Data recorded: a. Vegetative growth:
At 45 days after sowing five plants were randomly taken from each plot for determining the following data: Plant height (cm), number of branches/plant, number of leaves/plant, leaf area (cm 2 /plant), fresh weight (gm/plant) and dry weight (gm/plant).
b. Pod yield and its components:
Green pods of each plot were harvested at the proper maturing stage, counted and weighted in each harvest and the following parameters were collected: Number of pods/plant, average weight of pod (gm), pod yield/plant (gm) and total pod yield (ton/fed.).
c. Pod quality:
Pod length (cm), pod diameter (mm), pod thickness (mm), total soluble solids (TSS) was determined by Carl Zeiss refractometer, vitamin C (mg/100gfw) was determined in juice using 2,6-dichlorophenolindophenol dye (A.O.A.C., 1990) , titrable acidity (%) was determined by the titration method with 0.1 sodium hydroxide using phenolphthalein indicator (A.O.A.C., 1990) and carbohydrates (%) was determined colorimetrically in dry matter of pods following the method described by Dubois et al. (1956) .
All collected data on plot basis were subjected to the statistical analysis according to the method mentioned by Snedecor and Cochran (1968) . The data of treatment means were compared using least significant difference (LSD) method as mentioned by Gomez and Gomez (1984) .
RESULTS AND DISCUSSION

Vegetative growth characters: Effect of cultivars:
Data presented in Table ( 2) showed that Compados cultivar had highest values than other cultivars in all vegetable growth characters, i.e., plant height, number of leaves and branches/plant, Leaf area and fresh and dry weight followed by Snow Wind cultivar, whereas the least one was Sugar Snap cultivar in both seasons.
Similar results were obtained by Tewfik (2014) who evaluated some sugar pea cultivars and found that Compados cultivar was the best cultivar in all vegetative growth parameters compared with the other studied cultivars. Also, El-Desuki (2006) reported that Snow Wind cultivar gave the highest vegetative growth values compared with Sugar Pearl and Sugar Gem cultivars. The differences among cultivars may due to the genetical variations.
Effect of plant density:
Data in Table ( 2) indicated that plant density (20 cm apart) gave the highest plants compare with other densities (40 and 60 cm) at the two seasons. Whereas, the plant density (60 cm apart) gave the highest values in number of branches and leaves/plant and leaf area (cm 2 )/plant and the heaviest fresh and dry weight of plant at the two seasons. The differences among plant densities were significantly in all studied characters in the two seasons. Theses results were agreed with those of Rasaei et al. (2012) ; Sajid et al. (2012) and Yucel (2013) on pea and Bakry et al. (2011) on faba bean, they reported that plant height was increased by increasing plant population. Moreover, Shaukat et al. (2012) on pea indicated that row spacing 30 cm gave maximum plant height (93.8 cm), while 50 cm and 60 cm row spacing gave minimum plant height (84.6 and 83.3 cm) and more number of branches plant -1 (2.76 and 2.62), compare to 30 cm (1.16), respectively. The increase in number of branches per plant in lower population density may be due to more space availability to plants to spread rather to grow straight. This was the main reason that the plant height in lower population density was less and hence produces more branches, on the other hand, plant height was more in the higher plant population and gave less number of branches per plant and that due to the competition among plants for soil moisture, nutrient, light and carbon dioxide.
Effect of foliar applications:
Data presented in Table ( 2) showed that all foliar applications significantly increased all studied characters, i.e., plant height, number of branches and leaves/plant, leaf area cm 2 /plant and fresh and dry weight/plant compared with the control. The best application in all studied characters was moringa leaf extract followed by chitosan except, the fresh weight in the second season, in which the silicon application followed moringa leaf extract. These results are in harmony with those reported by Culver et al. The favorable effect of moringa leaf extract on vegetative growth might be due to its role as a plant growth stimulator. It contains zeatin, a cytokinin that plays a role in delaying leaf senescence, in addition to other growthenhancing-compounds such as ascorbate, phenolics and minerals (Yasmeen et al., 2012) . Also, Hussain et al. (2013) reported that moringa extracts accelerate the growth of plants, strengthen plants and improve resistance against pests and diseases. Moreover, the effect of chitosan on growth might due to its role in increasing key enzymes activities of nitrogen metabolism (nitrate reductase, glutamine synthetase and protease) and improved the transportation of nitrogen in the functional leaves which enhanced plant growth and development (Qiang et al., 2007 and Mondal et al., 2012) . Also, Chibu and Shibayama (2001) indicated that the positive effect of chitosan may resulted from the greater availability of amino compounds released from chitosan.
Meanwhile, the effect of silicon on plant growth may refer to that Si enhance the growth, improve protection against pathogens (Greger et al., 2011) and maintain of photosynthetic activity and that one of the reasons for the increased dry matter production (Agurie et al., 1992) . In this respect Pilon et al. (2013) found that silicon application increased leaf area, specific leaf area, pigment concentration (chlorophyll a and carotenoids) and photosynthesis of potato.
Effect of interactions:
Data in Tables (3 and 4) indicated that the effect of all interactions were insignificant in plant height in the two seasons except (cultivars × foliar applications) in the second season, number of branches, number of leaves except (cultivars × foliar applications) in the two seasons. Whereas, the effect of interactions was significant in leaf area in the two seasons, fresh weight except (cultivars × density), (density × foliar applications) and (cultivars × density × foliar applications) in the second season and dry weight except (density × foliar applications) and (cultivars × density × foliar applications) in the two seasons. Dry weight/ plant (gm) S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 Total pod yield (ton/fed.) S1 S2 S1 S2 S1 S2 S1 S2
Cvs. 
Effect of plant density:
Data presented in Table (5) showed the effect of plant density on yield and its components. It is clear that all plant densities significantly affected all studied characters. The plant density (60 cm apart) was the best in number of pods/plant, average pod weight, pod yield/plant, followed by 40 cm and 20 cm in the two seasons, respectively. Though, 20 cm apart gave the highest pod yield/fed. Results show that average pod weight, number of pods/plant and pod yield /plant were gradually reduced by increasing plant population density. Similar results were obtained by Munakamwe et al. (2012) . On the other hand, higher plant population, the plant growth was decreased which resulted in less number of pods plant -1 (Sajid et al., 2012) . The total pods yield/fed. was increased in higher plant population compare to lower population density and that may be attributed to the highest number of plants per unit area.
Effect of foliar applications:
Data in Table (5) indicated that all foliar applications, i.e., moringa leaf extract, chitosan and silicon significantly affected on all studied parameters, i.e., number of pods/plant, average pod weight, pod yield/plant and total pod yield/fed. compared with the control in the two seasons. The highest number of pods/plant (49.84 and 45.59) and heaviest average pod weight (3.58 and 3.87 gm), pod yield/plant (173.05 and 169.51 gm) and total pod yield/fed (4.132 and 4.049 ton) were obtained when sugar pea plants treated with moringa leaf extract followed by chitosan and silicon foliar applications in both seasons, respectively. These results are in accordance with those obtained by Culver et al. (2012) they found that moringa leaf extract increased the yield of tomato by 20 -150 %. Also, Hussain et al. (2013) reported that moringa leaf extract application enhanced the productivity of several arable crops such as soybean, sugarcane, corn, sorghum, black bean, coffee, bell pepper and onion ranging from 6.57 to 47.88 %. The effect of moringa leaf extract on yield might be connected with the role of plant growth regulators in improving crop growth and hence yield (Muhamman et al., 2013) .
The effect of chitosan on yield may be due to its effects in stimulating physiological processes, improving vegetative growth, followed by active translocation of photoassimilates from source to sink tissues. The increases in plant biomass may be due to improving photosynthetic machinery (Khan et al., 2002) .
Moreover, effects of silicon on yield are related to the deposition of the element under the leaf epidermis which results a physical mechanism of defense, reduces lodging, increases photosynthesis capacity and decreases transpiration losses (Korndörfer et al., 2004) . Also, Matichenkov and Bocharnikova (2004) reported that numerous experiments were conducted with silicon in cucumber over a nine-year period and there was 6 to 16 % increase in production with regard to the number of fruits and a 11 to 33 % increase in relation to total production. Similar results were obtained by Toresano-Sanchez et al. (2012) on tomato.
Effect of interactions:
It is clearly in Tables (6 and 7) that all interactions insignificantly affected number of pods/plant except (cultivars × density) in the second season and (cultivars × foliar applications) in both seasons. Whereas, the effect was significantly in average pod weight, except (cultivars × foliar applications), (density × foliar applications) and (cultivars × density × foliar applications) in the first season, pod yield/plant except (cultivars × foliar applications) in the first season. Belong on, total pod yield/fed. responded significantly to all combinations, in both seasons. Generally, the best interaction in number of pods and total pod yield/plant was (Compados × 60 cm × moringa leaf extract), whereas the lowest was (Sugar Snap × 20 cm × control) in both seasons. As for average pod weight the best one was (Sugar Snap × 60 cm × moringa leaf extract) and the lowest was (Snow Wind × 20 cm × control). The superior interaction in total pod yield/fed. was (Compados × 20 cm × moringa leaf extract) and the less one was (Sugar Snap × 60 cm × control) in both seasons. These results are in accordance with those obtained by Turk et al. (2011) ; Munakamwe et al. (2012) and Yucel (2013) (2006) and Tewfik (2014) . 
Effect of plant density:
Data in Tables (8 and 11) indicated that all tested densities were affected pod length, pod diameter, pod thickness, total soluble solids (TSS), vitamin C, titrable acidity (%) and carbohydrates (%) in both seasons. The superior density was 60 cm among plants, while the lowest was 20 cm among plants in both seasons. Similar results were obtained by Shaukat et al. (2012) on pea, they reported that maximum pod length was recorded in (50 cm) row spacing while minimum pod length was measured in (30 cm) row spacing.
Effect of foliar applications:
Also, Tables (8 and 11) showed that all foliar applications, i.e., moringa leaf extract, chitosan and silicon significantly affected pod length, pod diameter, pod thickness, total soluble solids (TSS), vitamin C, titrable acidity (%) and carbohydrates (%) in both seasons. The best application in all studied parameters was obtained when sugar pea plants sprayed with moringa leaf extract followed by chitosan and silicon, respectively except pod diameter in the first season whereas chitosan was the best one. Concerning vitamin C, foliar spray with moringa leaf extract was the superior in the first season while silicon was the superior in the second season followed by moringa leaf extract and chitosan, respectively. The lowest application in all studied parameters was control except titrable acidity where it was higher compare with other applications. These results were agreed with those obtained by Farouk and Ramadan (2012) Ghoname et al. (2010) on pepper found that chitosan application improved pepper quality and increased TSS and vitamin C contents. Moreover, Jia et al. (2011) reported that silicon fertilizer could enhance hardness and pressure-resistance of tomato and increase vitamin C of strawberry and eggplant. The possible mechanisms of silicon-improvement of crop quality were summarized in the following aspects: silicon provision, improvement of micro-nutrient supply, coordination of nutrition supply and enhancement of resistance to stressful conditions. 
Effect of interactions:
The effect of interactions on pod length, pod diameter, pod thickness, vitamin C, titrable acidity (%) and carbohydrates (%) was presented in Tables (9, 10, 12 and 13) . The effect of interactions was insignificant on pod length, pod diameter except (cultivars × density) in the first season and pod thickness except (cultivars × density) and (cultivars × foliar applications) in the first season. Concerning, total soluble solids (TSS), vitamin C, titrable acidity (%) and carbohydrates (%), Tables (12 and 13) indicated that the effect of interactions was insignificant on total soluble solids (TSS) except (cultivars × density) in the second season and (cultivars × foliar applications) in the first season, 
CONCLUSION
It could be concluded that Compados cultivar was the highest pod yield/plant, and total yield/fed. when cultivated on 20 cm apart, meanwhile Sugar Snap cultivars gave the best pod quality when cultivated on 60 cm apart and sprayed with moringa leaf extract three times, i.e., 15 days after planting then repeated each 15 days interval, respectively. Dry weight/plant (gm) S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2
Treatments Plant height (cm) No of branches/ Plant No of leaves/plant
Leaf area/plant (cm 2 ) Fresh weight/plant (gm) Dry weight/plant (gm) S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 
